We have determined the spin polarized density of states (DOS) of 3-d amorphous GdxSi 1−x in the quantum critical regime of a tunable Metal-Insulator Transition (MIT). Using a spin polarized BCS DOS we fit the data and extract the spin polarization P .
Introduction
The investigation of the electronic properties at the MIT is a topic of current interest because the MIT displays characteristics of a T = 0 K quantum phase transition. 1 To probe the MIT in the quantum critical regime (QCR) it is important to be able to control the transition in a continuous way to avoid uncertainties due to inhomogeneities and irreproducibility in the sample preparation process. This has been achieved by using a single sample, which is reversibly tuned by an external parameter, like stress, 2 magnetic field 3 or illumination. 4 Here, we present spin polarized tunneling measurements for 3-dimensional a-Gd x Si 1−x , a system, which can be reversibly tuned through the MIT by applying a magnetic field 5, 6 H and which, due to its amorphous nature, allows to experimentally probe the MIT deeper into the QCR than crystalline systems. In the QCR of the MIT of a-Gd x Si 1−x , we have measured transport conductivity, 5, 6, 8 density of states, 5,7 magnetization, 9 specific heat 10 and the Hall effect. 11 Here, we determine the spin polarization in the QCR by measuring the tunneling conductance dI/dV (V ) of a planar tunnel junction, made of a-Gd
Generally, one may expect two competing effect on the spin polarization. As H is increased (to tune a-Gd x Si 1−x away from the MIT) the spin polarization may be expected to rise. In a material close to the MIT, the conductivity is very poor, leading to significantly reduced screening of mobile carriers. Therefore it may be expected that, as the MIT is approached (by lowering H), the spin polarization of the carriers may increase. These two effect may oppose each other in our material and the experiment in principle allows the determination of the relative importance.
Results
We have measured the tunneling conductance dI/dV (V ) of a planar tunnel junction, made of a-Gd x Si 1−x /Al 2 O 3 /thin Al (x ∼ 0.14) at T = 25 mK and for H < 3.5 T. By carefully aligning the tunnel junction plane with H, the superconductivity of thin Al (∼ 5 nm thickness) is retained up to ∼ 3T , though the gap is significantly suppressed as H approaches 3T . For H <∼ 1.5 T, a-Gd x Si 1−x is sufficiently insulating that no valid 4-point measurement can be obtained. This leaves a narrow window of magnetic field within which the sample can be tuned, the spin polarized tunneling conductance measured and the spin polarization determined. Figure 1 shows the normalized conductance of a-Gd x Si 1−x /Al 2 O 3 /thin Al tunnel junction at T = 25 mK and H = 2.5 T plotted versus bias voltage V . The normalization is the result of the ratio dI/dV in parallel H and dI/dV at 45
• angle between the junction plane and H. At 45
• , the superconductivity of Al is completely suppressed at H = 2.5 T. An asymmetric gap resulting from a nonzero spin polarization can be seen in Fig. 1 . Also shown are fits, assuming a spin polarized BCS 12 DOS:
The asymmetry in the data around V = 0 necessitates a finite P . The polarization which best fits the data is P = 0.10. Closer to the gap edge the quality of the fit is diminished, which may be caused by the breakdown of the BCS assumption. The assumption of an Abrikosov-Gorkov 13 DOS may be more appropriate and is expected to result in a dimished gap edge, as seen in the data. A more detailed analysis along these lines, which determines the dependence of P within the QCR will be published elsewhere. 14 
Conclusion
We have measured the spin polarized density of states (DOS) of 3-d amorphous Gd x Si 1−x in the QCR of a tunable Metal-Insulator Transition (MIT). The tunneling conductance of an a-Gd x Si 1−x /Al 2 O 3 /thin Al tunnel junction shows an asymmetry which is consistent with a spin polarization P ∼ 0.10.
